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to	increase	the	provision	of	collectable	goods	4–15%	with	small	reductions	(3−5%) from timber 
revenues.	With	careful	forest	planning,	there	is	the	potential	to	simultaneously	produce	high	levels	

























practices and protecting sustainable use of forests.
Boreal	forests	extend	across	Russian	Siberia,	Fennoscandia,	Northern	Canada,	and	Alaska,	
and	cover	about	one	third	of	the	world’s	forested	area	(Burton	et	al.	2010).	The	boreal	region	con-












Due	 to	economic	 importance	of	 timber	production,	 forest	management	plans	 that	 allow	
the	simultaneous	production	of	timber	and	other	ecosystem	services	are	needed.	Multi-objective	
optimization	methods	can	be	used	to	provide	efficient	options	for	land	use	and	management	of	
different	 ecosystem	 services	 (Seppelt	 et	 al.	 2013).	For	 example,	 previous	 studies	 have	 shown	
that	it	could	be	possible	to	greatly	increase	habitat	availability	for	several	species	(Mönkkönen	et	
al. 2014) or increase carbon sequestration and storage (Triviño et al. 2015) with	relatively	small	
reductions	in	timber	harvest	revenues	by	applying	a	diverse	set	of	forest	management	regimes	in	
boreal landscapes.
Recent	 stand-scale	 studies	 have	 shown	 the	 importance	 of	 identifying	 profitable	 forest	
management	regimes	for	collectable	goods.	For	example,	Palahí	et	al.	(2009) and de Miguel et al. 




myrtillus L.)	and	cowberry	(Vaccinum vitis-idaea L.)) in boreal forest stands and found that joint 
production	allowed	longer	rotation	lengths,	higher	thinning	intensities	and	more	frequent	thinning	
than mere timber-oriented management. These studies suggest that the economic value of col-
lectable	good	yields	might	even	exceed	the	economic	value	of	timber	production	in	some	forest	
stands.	Even	though	there	is	increasing	awareness	that	alternative	land	management	can	critically	



































these questions is informative in providing management recommendations to produce collectable 
goods	and	timber	simultaneously	in	a	forest	landscape	and	how	to	enhance	recreational	services	
in	an	economically	sustainable	way.
2 Materials and methods
2.1 Study area and data
The	study	area	 is	 located	 in	Central	Finland	 (62°14´N,	25°43´E)	and	encompasses	68	700	ha.	
Forests	on	mineral	soil	cover	55%	of	the	total	area,	peat	lands	cover	13%,	lakes	cover	16%	and	
farmland settlements cover 15%. Scots pine (Pinus sylvestris L.),	Norway	spruce	(Picea abies 
(L.)	H.	Karst.),	birch	(Betula pendula	Roth and Betula pubescens Ehrh.)	and	mixed	stands	domi-
nate forests.	Forests	are	privately	owned	and	are	intensively	managed	for	timber	production.	The	






2.2 Forest growth simulation and timber revenues
We	ran	the	simulated	forest	growth	for	50	years	in	5	year	intervals	(11	time	steps),	using	MOTTI-






















Management regime Acronym Description
Business as usual BAU Current	recommended	management:	80	year	rotation	on	aver-
age;	site	preparation,	planting	or	seeding	trees,	1−3	thinnings,	
final	harvest	with	green	tree	retention	level	5	trees	ha–1






























































in	Central	Finland:	for	bilberry,	2.23	€	kg–1;	for	cowberry,	1.16	€	kg–1; and for cep (the price of 
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The	models	available	 to	estimate	yields	of	collectable	goods	vary	 in	 their	validity.	The	recent	
study	evaluating	the	berry	models	 in	Finland	showed	that	 the	bilberry	model	 is	more	accurate	
than	the	cowberry	model	(Kilpeläinen	et	al.	2016).	The	bilberry	model	might	underestimate	the	
yields	while	the	cowberry	model	might	overestimate	the	yields.	The	cep	model	has been validated 
only	for	spruce	dominated	forests	(Miina	et	al.	2013)	and,	since	cep	is	living	in	symbiosis	with	



























planning	horizon,	and	costs	related	to	collectable	goods	provision.	Max and Min values repre-
sent	the	largest	and	smallest	possible	yields	or	NPV	of	collectable	goods	among	Pareto	optimal	
solutions	that	can	be	achieved	when	applying	combinations	of	the	seven	alternative	manage-




Bilberry	yield 		331	Mg   257 Mg 75	M€
Cowberry	yield 1522 Mg 1452 Mg 		7	M€
Cep	yield     50 Mg     44 Mg 16	M€
Collectable	goods	NPV 				68	M€ 				66	M€ 13	M€
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3.3 Optimal combination of management regimes
When	a	single	forest	management	regime	was	applied	consistently	in	the	landscape	the	relative	
utility	of	the	regime	varied	among	different	collectable	goods	(Table	3).	None	of	the	single	manage-









across	50	years	for	alternative	management	regimes	(BAU	business	as	usual, SA	set	aside,	EXT10 extended rotation 10 
years,	EXT30	extended	rotation	30	years,	GTR30	green	tree	retention,	NTSR no thinnings short rotation and NTLR no 
thinnings	long	rotation)	if	only	one	management	regime	is	used	in	all	stands	of	the	study	landscape	in	Central	Finland.	
The largest value of alternative management regimes is given in bold. % of Max is the proportion of the values com-
pared to the maximum value (Table 2).
Management regime










































































































Table 4. Changes in %-units in the share of different management regimes (BAU	business	as	usual, SA	set	aside,	EXT10 





at the 5% level of collectables costs. % of Max yield is	the	proportion	of	the	yield	in	the	Pareto	optimal	set	at	the	95%	








BAU 		SA EXT10 EXT30 GTR30 NTSR NTLR
44.1 0.1 8.6 0.3 6.9 36.1 3.9
Bilberry 1.5 0.9 8.1 7.9 4.8 –24.1 0.9 92% 15%
Cowberry 15 0.0 –5.8 0.9 –6.6 –5.5 1.6 100% 5%
Cep –22 0.2 3.9 4.2 25.4 –13.1 1.5 100% 13%
Collectable
goods	NPV 16.7 0.9 –5.3 2.9 –6.8 –5.4 –2.9 100% 4%
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different collectable goods and for the economic value of collectables. These results suggest that 
high	yields	of	collectable	goods,	together	with	high	timber	revenues,	is	only	possible	if	a	diverse	
set of alternative management regimes is applied at the landscape scale. The potential economic 
value	of	collectable	goods	across	the	landscape	was	over	one	quarter	of	the	economic	value	of	
timber revenues.
Fig. 2. The proportions of the landscape area in central Finland allocated to different management regimes (BAU busi-
ness	as	usual, SA	set	aside,	EXT10	extended	rotation	10	years,	EXT30	extended	rotation	30	years,	GTR30 green tree 
retention,	NTSR no thinnings short rotation and NTLR	no	thinnings	long	rotation)	corresponding	to	the	Pareto	optimal	
solutions	when	optimizing	(A)	bilberry,	(B)	cowberry,	(C)	cep	and	(D)	the	economic	value	of	collectable	goods	vs.	the	
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Increasing	bilberry	yields	was	associated	with	rather	high	costs,	in	terms	of	reducing	timber	
NPV.	A	similar	conflict	between	bilberry	and	tree	biomass	production	was	also	found	in	a	study	




decrease	bilberry	production	because	 there	 is	not	enough	 light,	and	 thus	no	 thinnings	 regimes	
provide	 relatively	 small	 bilberry	yields.	Miina	 et	 al.	 (2010)	 optimized	 the	 joint	 production	of	
bilberries	and	timber	and	also	found	that,	compared	to	timber	production	alone,	joint	production	
led	to	10–40	years	longer	rotation	lengths	of	trees,	higher	thinning	intensities,	and	more	frequent	





























in forests (de Miguel et al. 2014).
Generally,	 our	 results	 show	 that	 increasing	 the	 recreational	 value	 provided	 by	 different	
collectable goods required a diverse set of management regimes because different collectables 
benefit	from	different	regimes.	These	results	can	be	interpreted	while	considering	the	concepts	
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The	 proportion	 of	 cowberry	 in	 collectable	 NPV	 was	 large,	 which	 is	 why	 the	 conflict	
between	 the	 total	 economic	value	and	 timber	was	 rather	 small.	When	we	derived	 the	optimal	
combination	of	management	regimes	to	maximize	the	total	economic	value	of	collectable	goods	
within	 the	 timber	NPV	constraint,	 the	 solution	 included	 an	 increase	 in	 the	 share	 of	 the	BAU	
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